US006886163B1
a2 United States Patent (10) Patent No.: US 6,886,163 Bl
Peacock et al. 45) Date of Patent: Apr. 26, 2005
(54) RESOURCE YIELDING IN A MULTIPLE 6,134,608 A * 10/2000 Jacober et al. ................ 710/40
APPLICATION ENVIRONMENT 6,279,054 B1 * 8/2001 BoVle ....cooevevvvvveerennnnns 710/36
6,298,370 B1 * 10/2001 Tang et al. ...c.o.o......... 709/102
(75) Inventors: Gavin Peacock, Walnut Creek, CA 6,560,660 Bl * 5/2003 Flanagin .....c.ccooeuueneen.. 710/15
(US); Adam Hampson, Fremont, CA 2003/0154233 Al * 8/2003 Patterson .................... 709/104
US
Primary FExaminer—Meng-Al T. An
(73) Assignee: Palm Source, Inc., Sunnyvale, CA Assistant Examiner—Diem Ky Cao
(US) (74) Attorney, Agent, or Firm—Wagner, Murabito & Hao
LLP
(*) Notice:  Subject to any disclaimer, the term of this
patent 15 extended or adjusted under 35 (57) ABSTRACT
U.S.C. 154(b) by 359 days. A method and system for allowing a single resource (e.g., a
serial port) to be shared by multiple applications in a
(21) Appl. No.: 09/811,990 cooperative manner. The first application to use the resource
_ defines a yield callback that 1s invoked when a second
(22)  Filed: Mar. 19, 2001 application makes a request for the serial port. The callback
(51) Int. CL7 ..o GO6F 9/46 allows the first application to decide whether or not 1t will
(52) US.Cl oo, 718/104; 710/15; 710/17  Yield the resource to the second application. If the first
(58) Field of Search ................................. 718/100-108; application grants the request, the second application is
710/8=17: 709/100. 102. 103. 106 107? allowed to use the resource; otherwise, the first application
’ ’ ’ ’ 20{ 202’ continues to use the resource and the second application
’ receives an error message. The first application can be
(56) References Cited notified when the second application 1s finished with the
resource so that the resource can be returned to the first
U.S. PATENT DOCUMENTS application for use.
5,790,895 A * 8/1998 Krontz et al. ................. 710/64
6,073,183 A * 6/2000 Slonim ....................... 719/310 21 Claims, 7 Drawing Sheets
500
REGISTER PASSIVE APPLICATIONS
503
REGISTER CALLBACK INSTRUCTION FOR 1st
BPPLICATION THAT IS USING THE SERIRL PORT
310
INVOKE CALLBACK INSTRUCTION WHEN 2:¢
RPPLICATION REQUESTS THE SERIAL PORT
520
YES REQUEST GRANTED? NO _
530
Y L
TiELD SERIAL PORT TO SEND ERROR MESSAGE
2x¢ RPPLICATION T0 2« APPLICATION
999 943

'

OPTIONALLY NOTIFY ]«
EPPLICATION WHEN DONE

540

|




US 6,886,163 Bl

Sheet 1 of 7

Apr. 26, 2005

U.S. Patent

i
LRANGLA
JIANIS 1X0dd

W

Vi 4914

b
JYOM.LIN
INOHdIT1k
INILSIX3

3
NOLRY.LS ISYd

001

0000




U.S. Patent Apr. 26, 2005 Sheet 2 of 7 US 6,886,163 Bl

100

DDDUQDD

lLll“““l“T
\ i
.,

180

60

[

CRRDLE

FIGURE 1B

7




U.S. Patent Apr. 26, 2005 Sheet 3 of 7 US 6,886,163 Bl

\ S
NS

FIGURE 2

(5=



U.S. Patent Apr. 26, 2005 Sheet 4 of 7 US 6,886,163 Bl

64

FIGURE 3

—
oo
w—



US 6,886,163 Bl

Sheet 5 of 7

Apr. 26, 2005

U.S. Patent

501
J1A10
AY1dS1d

¥ 441914
08b
= — T04IN03
1903 9 40SYNI
YIS 1N0d I NITH9S-H0
00¢ -
- -
0%F . 06 01b 0€h
J4LINN) 191A10 TTILYT0A TTLLY10A-NON
TOVIMIINT ISOH | | I9¥M0IS ¥1Ha NYY oY

0S¥
d0853204d




U.S. Patent Apr. 26, 2005 Sheet 6 of 7 US 6,886,163 Bl

40

REGISTER PASSIVE APPLICATIONS
905

REGISTER CRLLBACK INSTRUCTION FOR Is
APPLICATION THAT IS USING THE SERIAL PORT

310

INVORE CALLBACK INSTRUCTION WHEN 20

APPLICATION REQUESTS THE SERIAL PORT
520

REQUEST GRANTED?
20

YES N0 —

Y

YIELD SERIAL PORT T0 SEND ERROR MESSAGE
2* APPLICATION T0 2w¢ APPLICATION

0PTIONALLY NOTIFY I* 1
'RPPLICATION WHEN DONE

540

FIGURE 5



U.S. Patent Apr. 26, 2005 Sheet 7 of 7 US 6,886,163 Bl

600
FIRST APPLICATION
510
| OPEN <
SLRIAL PORT 1 INVOKE ‘ 4 GRANT
WITH|  cpipack|  Or el
CALLBACK - YIEW

OPERATING SYSTEM '
) MAKE '
REQUEST 3 PROVIDE ﬁsnﬁi Izﬁifﬁ?i'
T0 OPEN PORTIDIF) - pore wiTH|  MESSHGE
CRANTED
sn;m . | CALIBACK|  IF DENIED

SECOND APPLICATION
620

FIGURE 6



US 6,336,163 Bl

1

RESOURCE YIELDING IN A MULTIPLE
APPLICATION ENVIRONMENT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to the field of portable
computer systems, such as personal digital assistants or
palmtop computer systems. Specifically, the present inven-
fion relates to operating systems used by portable computer
systems.

2. Related Art

A palmtop computer system, or personal digital assistant
(PDA), is a computer that 1s small enough to be held in the
hand of a user and 1s thus “palm-sized.” By virtue of their
size, palmtop computer systems are lightweight and so are
exceptionally portable and convenient. As the sophistication
of palmtops 1ncrease, so too does the number and types of
applications that can be run on them.

Palmtops are typically equipped with a serial port and an
infrared port to facilitate the transfer of information to and
from external devices. Using the serial port, applications,
data and other information can be exchanged between a
conventional computer system and a palmtop computer
using an application or process commonly referred to as
“synching” or “hot synching.” Typically, the palmtop 1is
placed 1nto a device, such as a cradle, that 1s communica-
tively coupled to the conventional computer system via a
connector cable. When the palmtop 1s placed into the cradle,
the serial port on the palmtop couples with a mechanical and
clectrical interface on the cradle.

The infrared communication port 1s used for exchanging
data, applications and other information with similarly
equipped devices over a wireless link. The infrared port on
the palmtop 1s aligned with the infrared report on the other
device, and 1nformation 1s exchanged using a process com-
monly referred to as “beaming.”

Currently, because of size and cost considerations, the
serial port and the infrared port share the same hardware
within the palmtop. Specifically, a single universal asyn-
chronous receiver-transmitter (UART) module provides the
receiving and transmitting circuits required for serial com-
munication for both the serial port and the infrared port. As
a result, the infrared port and the serial port can only be used
one at a time; they both cannot be used at the same time. As
such, an infrared application (e.g., beaming) and an appli-
cation needing the serial port (e.g., synching) cannot be used
at the same time.

The preference 1s to have the infrared application avail-
able any time it may be needed, so that information can be
beamed from one device to another quickly and seamlessly
without having to make and wait for a change 1n operating,
modes. However, this 1s problematic because the infrared
application will thereby monopolize the UART and,
consequently, the serial port cannot be used. When an
application attempts to open the serial port while the infrared
application 1s open, an error message stating that the serial
port 1s already 1n use will be generated.

In one prior art solution to this problem, the infrared
application remains always open but 1 a listen-only mode
unless information 1s being actively beamed. If beaming 1s
not active, the infrared application relinquishes control of
the UART when another application indicates that 1t wants
to use the serial port. For example, 1f a synching application
requests that the serial port be opened, the infrared appli-
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cation would yield, allowing the synching application to
open and use the serial port. Thus, 1n the prior art, a scheme
1s implemented whereby the infrared application yields to an
application that needs the serial port.

This solution 1s satisfactory 1n some respects, but remains
problematic when there are multiple applications that need
to use the serial port. For example, 1n addition to the
synching application, palmtops now may incorporate appli-
cations supporting Bluetooth, telephony, and network (e.g.,
Internet) connectivity, each of which uses the serial port.
When one of these applications 1s using the serial port, and
another of these applications also needs to use the serial port,
a conflict occurs and the second application receives an error
message stating that the port 1s already 1n use. With the
number of applications increasing, conflicts are likely to
occur more frequently. However, the prior art does not
provide a solution for resolving contlicts between applica-
tions competing for the serial port.

Applications supporting network connectivity introduce
an additional factor that exacerbates the problem just
described. After a network connection 1s made over the

serial port, it 1s generally desirable to keep the network
connection open 1n the background, so that the network can
still be heard over the serial port. For example, a network
library may keep the serial port open in the background.
Thus, applications supporting network connectivity may
monopolize the serial port for extended periods of time, 1n
conftrast to applications such as synching that typically use
the serial port for only a limited amount of time. This 1s
problematic because another application cannot use the
serial port while a network library, or other such application,
1s open and running 1n the background. As described above,
when another application makes a request for the serial port,
it will receive an error message stating that the port is
already 1n use.

In the prior art, when a conflict between applications
occur, the user shuts down one application 1 order to
execute the other. Such an approach to resolving conflicts 1s
inconvenient to the user.

Accordingly, what 1s needed 1s a method and/or system
that can resolve conilicts between applications seeking to
use the serial port at the same time, but 1s convenient to the
user. What 1s also needed 1s a method and/or system that can
satisty the above needs within the space constraints of a
portable computer system. The present invention provides a
novel solution to these needs.

SUMMARY OF THE INVENTION

The present invention provides a user-friendly method
and system thereof that can resolve conflicts between appli-
cations seeking to use the serial port at the same time. In fact,
the present imnvention provides a method and system thereof
for resolving contlicts between other 1nstances of resources
that otherwise could not be used by multiple applications at
the same time. The present invention accomplishes this
within the space constraints of a portable computer system.
The present mnvention provides these advantages and others
not specifically mentioned above but described 1n the sec-
tions to follow.

The present 1nvention pertains to a method and system
that allow a single resource (e.g., memory, storage,
hardware, system functions, etc.) to be shared by multiple
applications 1n a cooperative manner. The first application to
use the resource defines a yield callback that 1s mvoked
when a second application makes a request for the same
resource. The callback allows the first application to decide
whether or not 1t will yield the resource to the second
application.
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In one embodiment, the callback grants or denies the
request from the second application by returning either a
Boolean true for grant or a Boolean false for deny. If the first
application denies the request, the first application continues
to use the resource and the second application receives an
error message. It the first application grants the request, the
first application yields and the second application 1s allowed
to use the resource.

In one embodiment, the resource 1s a serial port. In this
embodiment, the first application to open the serial port
defines a yield callback that 1s imvoked when a second
application makes a request for the serial port. The callback
allows the first application to decide whether or not 1t will
yield the port to the second application.

If the first application grants the request, the first appli-
cation yields and the second application 1s allowed to use the
port. In accordance with the present invention, the second
application receives a port identifier (port ID) in a manner
that 1s transparent to the second application, that is, as if
there were no other port owner. The first application can
cither close the port and implement shutdown procedures, or
leave the port open. In the latter case, the first application
can be notified when the second application 1s finished with
the port, and the port will be returned to the first application
for use.

In accordance with the present invention, 1t 1s possible
that a background port may be opened. In the present
embodiment, the background port has the lowest priority
among the port instances. Accordingly, a background port 1s
open only 1f no foreground or yielded port 1s present 1n one
embodiment, each application 1s categorized as either a
“passive” application or an “active” application. In this
embodiment, passive applications register themselves as
such 1 order to define and receive the yield callback,
whereas active applications are not necessarily registered as
such.

In general, a passive application 1s an application such as
a network library that remains open after a network con-
nection has been made, 1n case the network library is
subsequently needed. A passive application may or may not
be actively performing an activity; for example, it may be
operating 1n the background listening for a message, or it
may be actively responding to a message. An active
application, 1n general, 1s an application that the user has
mnitiated, such as a synchronization application. In this
embodiment, passive applications have a lower priority than
active applications. A passive application can be using a
resource (€.g., serial port) when an active application is not
using that resource (e.g., serial port). Passive applications
ogenerally release their use of the resource when an active
applications seeks to also use that resource, unless the
passive application 1s actively performing an activity.

The present embodiment of the present invention 1s
implemented as an automatic function 1n the operating
systems used by portable computer systems. As an auto-
matic function, it 1s user friendly. Because 1t 1s implemented
in software, the present invention allows multiple applica-
tions to use a single resource (e.g., serial port) without the
duplication of that resource or elements associated with that
resource. Accordingly, the functionality for resolving poten-
fial conflicts between applications 1s added to portable
computer systems without an increase in size. Moreover,
there are no increases in manufacturing costs and product
price attributable to additional hardware.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s a block diagram of an exemplary network
environment including a portable computer system 1n accor-
dance with one embodiment of the present invention.
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FIG. 1B 1s a block diagram of a portable computer system
connected to other computer systems and the Internet via a
cradle device m accordance with one embodiment of the
present mvention.

FIG. 2 1s a top side perspective view of a portable
computer system 1n accordance with one embodiment of the
present 1vention.

FIG. 3 1s a bottom side perspective view of the portable
computer system of FIG. 2.

FIG. 4 1s a block diagram of an exemplary portable
computer system upon which embodiments of the present
invention may be practiced.

FIG. 5 1s a flowchart showing the steps in a process
allowing multiple applications to cooperatively share a
resource 1n accordance with one embodiment of the present
invention.

FIG. 6 1s a data flow diagram 1llustrating the process for
allowing multiple applications to cooperatively share a
resource 1n accordance with one embodiment of the present
invention.

DETAILED DESCRIPTION OF THE
INVENTION

In the following detailed description of the present
invention, numerous specific details are set forth in order to
provide a thorough understanding of the present invention.
However, it will be recognized by one skilled 1n the art that
the present invention may be practiced without these speciiic
details or with equivalents thereof. In other instances, well
known methods, procedures, components, and circuits have
not been described 1n detail as not to unnecessarily obscure
aspects of the present invention.

Notation and Nomenclature

Some portions of the detailed descriptions, which follow,
are presented 1n terms of procedures, steps, logic blocks,
processing, and other symbolic representations of operations
on data bits that can be performed on computer memory.
These descriptions and representations are the means used
by those skilled 1n the data processing arts to most effec-
tively convey the substance of their work to others skilled 1n
the art. A procedure, computer executed step, logic block,
process, etc., 1s here, and generally, conceived to be a
self-consistent sequence of steps or instructions leading to a
desired result. The steps are those requiring physical
manipulations of physical quantities. Usually, though not
necessarily, these quantities take the form of electrical or
magnetic signals capable of being stored, transferred,
combined, compared, and otherwise manipulated in a com-
puter system. It has proven convenient at times, principally
for reasons of common usage, to refer to these signals as
bits, values, elements, symbols, characters, terms, numbers,
or the like.

It should be borne 1n mind, however, that all of these and
similar terms are to be associated with the appropriate
physical quantities and are merely convenient labels applied
to these quantities. Unless specifically stated otherwise as
apparent from the following discussions, it 1s appreciated
that throughout the present invention, discussions utilizing
terms such as “registering” or “invoking” or “yielding” or
“providing” or “closing” or “conducting” or “opening” or
“receving”’ or “sending” or “returning” or the like, refer to
the action and processes of a computer system (e.g., process
500 of FIG. §), or similar electronic computing device, that
manipulates and transforms data represented as physical
(electronic) quantities within the computer system’s regis-




US 6,336,163 Bl

S

ters and memories 1nto other data similarly represented as
physical quantifies within the computer system memories or
registers or other such information storage, transmission or
display devices.

Exemplary Palmtop Platform

FIG. 1A 1s a block diagram of an exemplary network
environment 50 including a portable computer system 100 in
accordance with one embodiment of the present invention.
Portable computer system 100 1s also known as a palmtop or
palm-sized computer system, a hand-held device, a personal
digital assistant (PDA), or a personal information device
(PID). In one embodiment, portable computer system 100
has the ability to transmit and receive data and information
over a wireless communication interface (e.g., a radio
interface). As will be seen, portable computer system 100
also has the ability to send and receive data information over
a serial port and over an inirared port.

In the present embodiment, base station 32 1s both a
transmitter and receiver base station, which can be 1mple-
mented by coupling it 1nto an existing public telephone
network 34. Implemented in this manner, base station 32
enables portable computer system 100 to communicate with
a proxy server computer system 36, which 1s coupled by
wire to the existing public telephone network 34.
Furthermore, proxy server computer system 36 1s coupled to
the Internet 52, thereby enabling portable computer system
100 to communicate with the Internet 52. When communi-
cating with a Web site over Internet 52, protocols such as
CTP (Compact Transport Protocol) and CML (Compact
Markup Language) can be used by portable computer sys-
tem 100 in the present embodiment.

It should be appreciated that within the present
embodiment, one of the functions of proxy server 36 1is to
perform operations over the Internet 52 on behalf of portable
computer system 100. For example, proxy server 36 has a
particular Internet address and acts as a proxy device for
portable computer system 100 over the Internet 52.

It should be further appreciated that other embodiments of
a communications network, planned or envisioned, may be
utilized in accordance with the present invention. For
example, a wireless connection may be made from portable
computer system 100 directly to the Internet 52.

The data and information which are communicated
between base station 32 and portable computer system 100
are the same type of information and data that can conven-
tionally be transferred and received over a public telephone
wire network system. However, a wireless communication
interface 1s utilized to communicate data and information
between portable computer system 100 and base station 32.
It should be appreciated that one embodiment of a wireless
communication system 1n accordance with the present
invention 1s the Mobitex wireless communication system.

FIG. 1B 1illustrates another embodiment of a system 51
that can be used 1n conjunction with various embodiments of
the present mvention. System 51 comprises a desktop com-
puter system 56 and/or a laptop system S58. Computer
systems 38 and 56 are shown connected to a communication
bus 54, which 1n one embodiment can be a serial commu-
nication bus, but could be of any of a number of well known
designs, e.g., a parallel bus, Ethernet Local Area Network
(LAN), etc. Optionally, bus 54 can provide communication
with the Internet 52 using a number of well-known proto-
cols.

Bus 54 1s also coupled to a cradle 60 for receiving and
Initiating communication with a portable computer system
100. Cradle 60 provides an electrical and mechanical com-
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munication interface between bus 54 (and anything coupled
to bus 54) and the portable computer system 100 for
two-way communications. For example, portable computer
system 100 and/or computer systems 356 and 358 can
exchange information using a synchronization process and
application. The general process and results achieved
through synchronization (e.g., “hot sync”) are described in

more detail in the following: U.S. Pat. No. 5,727,202 1ssued
Mar. 10, 1998, by Kucala; U.S. Pat. No. 6,000,000 1ssued
Dec. 7, 1999, by Hawkins et al.; U.S. Pat. No. 5,832,489
Issued Nov. 3, 1998, by Kucala; U.S. Pat. No. 5,884,232
Issued Mar. 16, 1999, by Hawkins et al.; and U.S. Pat. No.
6,006,274 1ssued Dec. 21, 1999, by Hawkins et al., all of
which are hereby incorporated herein by reference.

In the present embodiment, cradle 60 and portable com-
puter system 100 are coupled via a serial port 180 on
portable computer system 100 (refer also to FIG. 3, below).
In one embodiment, serial port 180 1s an RS232 port.

It 1s appreciated that, in accordance with the present
invention, portable computer system 100 may instead be
coupled to host computer systems 56 and 58 via a wireless
(e.g., radio frequency) connection, such as a wireless con-
nection compatible with the known Bluetooth specification.
In a wireless implementation such as Bluetooth, the serial
port 1s emulated, creating a “virtual” serial port. The virtual
serial port functions 1n a manner equivalent to a conven-
tional serial port. Accordingly, as used herein, the term
“serial port” can refer to either a conventional serial port or
a virtual serial port.

Computer system 100 also contains a wireless imfrared
communication mechanism 64 for sending and receiving
information from other devices. In one embodiment, infra-

red communication mechanism 64 1s compliant with the
[rDA (Infrared Data Association) standard and protocol.

With reference to both FIGS. 1A and 1B, 1t 1s appreciated

that portable computer system 100 can be used 1in a network
environment combining elements of networks 50 and 51.

FIG. 2 1s a perspective illustration of the top face 100a of
one embodiment of the portable computer system 100 of the
present 1nvention. The top face 100a contains a display
screen 105 surrounded by a bezel or cover. A removable
stylus 80 1s also shown. The display screen 1035 1s a touch
screen able to register contact between the screen and the tip
of the stylus 80. The stylus 80 can be of any material to make
contact with the screen 105. The top face 100a also contains
one or more dedicated and/or programmable buttons 75 for
selecting information and causing the computer system to
implement functions. The on/off button 95 1s also shown.

FIG. 2 also illustrates a handwriting recognition pad or
“digitizer” containing two regions 106a and 106b. Region
106q 1s for the drawing of alphabetic characters therein (and
not for numeric characters) for automatic recognition, and
region 106b Is for the drawing of numeric characters therein
(and not for alphabetic characters) for automatic recogni-
tion. The stylus 80 1s used for stroking a character within one
of the regions 106a and 1065b. The stroke information 1s then
fed to an Internal processor for automatic character recog-
nition. Once characters are recognized, they are typically
displayed on the screen 105 for verification and/or modifi-
cation.

FIG. 3 illustrates the bottom side 1005 of one embodiment
of the palmtop computer system that can be used 1n accor-
dance with various embodiments of the present invention.
An extendible antenna 85 i1s shown, and also a battery
storage compartment door 90 1s shown. A serial port 180 and
an infrared port 64 are also shown.
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FIG. 4 1s a block diagram of one embodiment of a portable
computer system 100 upon which embodiments of the
present invention may be implemented. Portable computer
system 400 1s also often referred to as a PDA, a PID, a
palmtop, or a hand-held computer system.

Portable computer system 400 includes an address/data
bus 300 for communicating information, a central processor
450 coupled with the bus 300 for processing information and
instructions, a volatile memory 410 (e.g., random access
memory, RAM) coupled with the bus 300 for storing infor-
mation and instructions for the central processor 450, and a
non-volatile memory 430 (e.g., read only memory, ROM)
coupled with the bus 300 for storing static information and
instructions for the processor 450. Portable computer system
400 also includes an optional data storage device 490 (e.g.,
a memory stick) coupled with the bus 300 for storing
information and instructions. Device 490 can be removable.
Portable computer system 400 also contains a display device
105 coupled to the bus 300 for displaying information to the
computer user.

In the present embodiment, portable computer system 400
of FIG. 4 includes host interface circuitry 420 coupled to bus
300. In one embodiment, host interface circuitry 420 1s a
universal asynchronous receiver-transmitter (UART) mod-
ule that provides the receiving and transmitting circuits
required for serial communication for both the serial port

180 and the infrared port 64.

Also 1ncluded in computer system 400 1s an optional
alphanumeric mput device 106 that, 1n one implementation,
is a handwriting recognition pad (“digitizer”). Alphanumeric
input device 106 can communicate information and com-
mand selections to processor 450 via bus 300. In one
implementation, alphanumeric input device 106 1s a touch
screen device. Alphanumeric input device 460 1s capable of
registering a position where a stylus element (not shown)
makes contact.

Portable computer system 400 also includes an optional
cursor control or directing device (on-screen cursor control
480) coupled to bus 300 for communicating user input
information and command selections to processor 450. In
one 1implementation, on-screen cursor control device 480 1s
a touch screen device 1ncorporated with display device 1085.
On-screen cursor control device 480 1s capable of registering
a position on display device 105 where a stylus element
makes contact. The display device 105 utilized with portable
computer system 400 may be a liquid crystal display (LCD)
device, a cathode ray tube (CRT), a field emission display
device (also called a flat panel CRT), or other display device
suitable for generating graphic images and alphanumeric
characters recognizable to the user. In the preferred
embodiment, display device 105 1s a flat panel display.

It 1s appreciated that portable computer system 400 can
include other elements providing it with, for example, the
capability for wireless communication. In one embodiment,
portable computer system 400 includes a signal transmitter/
receiver (transceiver) device that provides a wireless radio
frequency (RF) communication link between computer sys-
tem 400 and other wireless devices. In one such
embodiment, the transceiver 1s compatible with the known
Bluetooth specification. In another such embodiment, the
fransceiver 1s compatible with IEEE 802.11 b. It 1s appre-
ciated that other RF protocols and standards may also be
used with the present mnvention.

In another embodiment, portable computer system 400
can 1nclude a telephony chipset or the like providing it with
the functionality of a cellular phone, 1n particular the capa-
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bility to transmit and receive cellular communications. In
onc embodiment, the telephony chipset 1s compatible with
the standards for GSM and GPRS (Global System for
Mobile Communications and General Packet Radio Service,
respectively). It is appreciated that other telephony protocols
and standards may also be used with the present invention.

Serial Port Yielding in a Multiple Application Environ-
ment

FIG. 5 1s a flowchart of the steps 1n a process 500 for
automatically allowing multiple applications to coopera-
tively share a resource 1n accordance with one embodiment
of the present invention. In the present embodiment, process
500 1s implemented by portable computer system 100 as
computer-readable program instructions stored in a memory
unit (e.g., ROM non-volatile 430, RAM volatile 410 or data

storage device 490 of FIG. 4) and executed by a processor
(e.g., processor 450 of FIG. 4).

For simplicity of discussion, the present invention 1s
described for a case 1n which multiple applications seek to
share host mnterface circuitry 420 coupled to serial port 180
and infrared port 64 of FIG. 4. However, 1t 1s appreciated
that the present invention can also be used 1n other instances
in which multiple applications seek to share a single
resource such as, but not limited to, memory, storage,
hardware, and system functions.

In one embodiment of the present 1nvention, in step 503
of FIG. §, each application 1s categorized as either a “pas-
sive” application or an “active” application. In this
embodiment, passive applications register as such; however,
active applications do not register themselves as such.

In general, a passive application 1s an application such as
a network library that remains open after a network con-
nection has been made over host interface circuitry 420
(serial port 180), in case the network library is subsequently
neceded. A passive application may be operating in the
background, listening to a network connection or listening
for a Bluetooth message, for example, but not actively
performing an activity. However, at times, a passive appli-
cation may be actively performing an activity, such as
responding to a Bluetooth message. Thus, a passive appli-
cation 1n effect has multiple states defined by the level of
activity.

An active application, in general, 1s an application that the
user has initiated and that 1s actively performing an activity,
such as the exchange of information with another device
according to a synchronization process. In this embodiment,
active applications have a higher priority than passive appli-
cations with regard to access to host interface circuitry 420
(serial port 180). However, according to the present
invention, passive applications are allowed to have host
interface circuitry 420 (serial port 180) in use whenever an
active application 1s not using the port.

In the present embodiment of the present invention, a
passive application defines a yield callback instruction
whereas an active application does not. The callback instruc-
tion functions as the equivalent of a “thread” or “interrupt”
between the first application and the entity controlling host
interface circuitry 420 (serial port 180). The callback
instruction provides a pointer to the first application that 1s
invoked when something 1n particular occurs. As will be
seen, the callback instruction of the present invention 1is
invoked when another application makes a request to use
host interface circuitry 420 (serial port 180).

In step 510 of FIG. 5, in accordance with the present
invention, the first passive application to open serial port 180
of FIG. 4 defines a callback instruction (a yield callback). In
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the present embodiment, the first passive application regis-
ters a callback instruction when 1t opens serial port 180. The
callback function 1s registered with the entity controlling
serial port 180. In one embodiment, the callback instruction
1s registered with the operating system executed by proces-
sor 450 of FIG. 4. As mentioned above, in the present
embodiment, an active application does not define a yield
callback instruction.

In step 520 of FIG. 5, a second application makes a
request to open serial port 180 of FIG. 4. The second
application may be either a passive application or an active
application. In the present embodiment, as a result of this
request, the callback instruction registered by the first
(passive) application is automatically invoked. That is, it is
not necessary for the second application to invoke the
callback instruction. As a result, legacy applications
installed on portable computer system 100 (FIG. 4) can
make a request for serial port 180 within the port-sharing
scheme introduced by the present invention.

Accordingly, the first (passive) application 1s notified of
the request for serial port 180. In one embodiment, a change
field of an operating system function (specifically, the
change field of SrmPortChangeType) is passed to the first
application 1n the callback instruction, to indicate that the
change 1s a request to yield serial port 180.

In step 530 of FIG. 5, the request to yield serial port 180
(FIG. 4) can be either granted or denied by the first (passive)
application. In general, a passive application will deny the
request 1f 1t 1s actively performing an activity, and will grant
the request if it is not actively performing an activity (e.g.,
it 1s in a listening state, as described above). If the request
to yield serial port 180 1s granted, process 500 proceeds to
step 535, otherwise, process 500 proceeds to step 5485.

In one embodiment, the callback instruction grants the
request to yield serial port 180 by returning a Boolean true,
and denies the request by returning a Boolean false.

In step 535 of FIG. 5, the first (passive) application yields
serial port 180 to the second application. In the present
embodiment, the second application receives a port 1denti-
fier (port ID) as if there were no other port owner. Thus,
legcacy applications can function seamlessly within the
scheme 1ntroduced by the present invention.

It 1s appreciated that, when the second application opens
serial port 180, it also defines a callback instruction as
described by step 510 above 1if the second application 1s a
passive application. Accordingly, while the second (passive)
application is using serial port 180 (FIG. 4), the callback
instruction for the second (passive) application may be
invoked if another application (either the first application or
another application) seeks to open serial port 180. Thus,
multiple applications can be prompted to share serial port
180 1n a cooperative manner 1n accordance with the present
invention.

In one embodiment, the first (passive) application uses the
callback instruction to close its port instance and to also
conduct shutdown procedures i1f necessary. The {irst
(passive) application may also leave serial port 180 open,
although the port 1s yielded to the second application.

In step 540 of FIG. §, in one embodiment, the callback
instruction 1s used to notify the first (passive) application
that the second application 1s finished with serial port 180.
In one such embodiment, the change field of an operating
system function (specifically, the change field of
SrmPortChangeType) is passed to the first (passive) appli-
cation 1n the callback instruction, to indicate that serial port
180 1s available and/or 1s being returned to the first appli-
cation.

In step 545 of FIG. §, when the request to yield serial port
180 1s not granted in step 530, an error message 1s sent to the
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second application indicating serial port 180 not available.
In one embodiment, the second application receives a ser-
ErrAlreadyOpen error message.

In accordance with the present invention, it 1s possible
that a background port may be opened. In the present
embodiment, the background port has the lowest priority
among the port instances. Accordingly, a background port 1s
open only 1f no foreground or yielded port 1s present.

FIG. 6 1s a data flow diagram 600 1llustrating process 500
(FIG. §) for automatically allowing multiple applications to
cooperatively share a resource (e.g., host interface circuitry
420 coupled to serial port 180 and infrared port 64 of FIG.
4) in accordance with one embodiment of the present
invention. However, it 1s appreciated that the present inven-
tion can also be used 1n other instances 1 which multiple
applications seek to share a single resource such as, but not
limited to, memory, storage, hardware, and system func-
fions.

In the present embodiment, first application 610, second
application 620, and operating system 650 are cach installed
on portable computer system 100 of FIG. 4. In this
embodiment, first application 610 and second application
620 are passive applications, as described above 1n conjunc-
tion with FIG. 5. In this embodiment, operating system 650
is the entity controlling the resource (e.g., serial port 180),
and first application 610 and second application 620 register

with operating system 650 as described by step 505 of FIG.
5

With reference to FIG. 6, first application 610 opens serial
port 180 of FIG. 4 and defines a callback function in
accordance with the present invention (1). First application
610 1s the first passive application to open serial port 180;
that 1s, serial port 180 1s not being used by another appli-
cation at this time.

Continuing with reference to FIG. 6, second application
620 makes a request to open serial port 180 (2).
Consequently, the callback function defined by first appli-
cation 610 is invoked (3). The callback function notifies first
application 610 of the request for serial port 180 made by
second application 620. The callback function also indicates

that the request 1s for first application 610 to yield serial port
180.

First application 610 returns either a grant or denial of the
request to yield serial port 180 (4). If first application 610
returns a grant, then a port ID 1s provided to second
application 620 (5), and second application 620 opens serial
port 180 and defines a callback function (6). If first appli-
cation 610 returns a denial, then an error message 1s sent to
second application 620 (7).

In summary, the present invention provides a system and
method that can resolve conflicts between applications seek-
Ing to use a resource at the same time. In one embodiment,
the present invention 1s implemented as an automatic func-
tion added to the operating systems used by portable com-
puter systems. As an automatic function, 1t 1s user friendly.
Because 1t 1s implemented 1n software, the present invention
allows multiple applications to use a single resource without
the duplication of existing hardware. Accordingly, the func-
tionality for resolving potential conflicts between applica-
fions 1s added to portable computer systems without an
increase 1n size. Moreover, there are no 1ncreases 1n manu-
facturing costs and product price attributable to additional
hardware.

The preferred embodiment of the present invention,
resource yielding in a multiple application environment, 1s
thus described. While the present invention has been
described 1n particular embodiments, 1t should be appreci-
ated that the present invention should not be construed as
limited by such embodiments, but rather construed accord-
ing to the below claims.
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What 1s claimed 1s:
1. A method for allowing multiple applications to coop-

eratively access the same hardware resource, said method
comprising:

a) registering a callback instruction for a first application
that 1s using said hardware resource;

b) invoking said callback instruction automatically in
response to a request from a second application for the
same sald hardware resource, wherein said callback
instruction notifies said first application of said request;
and

¢) yielding said hardware resource to said second appli-
cation provided said first application grants said
request.

2. The method as recited 1in claim 1 wherein said hardware
resource comprises interface circuitry coupled to multiple
ports.

3. The method as recited 1 claim 1 further comprising;:

registering said first application as a passive application,

wherein a passive application defines said callback
Instruction.

4. The method as recited in claim 1 wherein said step b)
1s performed responsive to said request from said second
application.

5. The method as recited 1in claim 1 further comprising:

providing notice to said first application that said second

application 1s finished using said hardware resource,
said nofice indicating said hardware resource 1s avail-

able.

6. The method as recited in claim 1 wherein said step )
further comprises:
cl) closing said hardware resource for said first applica-
tion; and
c2) conducting procedures for shutting down said first
application.

7. The method as recited 1n claim 1 wherein a response
oranting said request 1s a Boolean true, and wherein a
response denying said request 1s a Boolean false.

8. A method for allowing multiple applications to coop-
eratively access a same serial port, said method comprising:

a) opening said serial port for a first application, wherein

said opening comprises registering a callback instruc-
tion for said first application;

b) receiving a request for the same said serial port from a
second application;

¢) invoking said callback instruction automatically in
response to said request from said second application,
wherein said invoking comprises:
cl) sending notice to said first application of said
request; and
c2) receiving from said first application a response to
said notice; and

d) yielding the same said serial port to said second
application provided said response from said first appli-
cation grants said request and otherwise maintaining
said serial port for said first application.

9. The method as recited 1n claim 8 further comprising:

registering said first application as a passive application.

10. The method as recited in claim 8 wherein said step d)

further comprises:

receiving from said first application a response denying
said request.

11. The method as recited in claim 8 wherein said step d)

further comprises:

returning an error message to said second application
when said serial port 1s not yielded to said second
application.
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12. The method as recited 1n claim 8 further comprising:

providing notice to said first application that said second
application 1s finished using said serial port, said notice
indicating said serial port 1s available.

13. The method as recited in claim 8 wherein said step c)
further comprises:

c3) closing said serial port for said first application; and

c4) conducting procedures for shutting down said first
application.

14. The method as recited in claim 8 wherein a response

ogranting said request 1s a Boolean true, and wherein a

response denying said request 1s a Boolean false.
15. A portable computer system comprising:

a bus;
a serial port coupled to said bus;
a processor coupled to said bus; and

a memory coupled to said bus, said memory comprising
instructions for implementing a method for allowing
multiple applications residing on said computer system
to cooperatively access the same said serial port, said
method comprising:

a) opening said serial port for a first application, wherein
said opening comprises registering a callback instruc-
tion for said first application;

b) receiving a request for the same said serial port from a
second application;

¢): invoking said callback instruction in response to said
request from said second application, wherein said
invoking comprises:
cl) sending notice to said first application of said
request; and
c2) receiving from said first application a response to
said notice; and

d) yielding said serial port to said second application
provided said response from said first application
orants said request and otherwise maintaining said
serial port for said first application.

16. The computer system of claam 15 wherein said
method further comprises:

registering said first application as a passive application.

17. The computer system of claim 15 wherein said step d)
of said method further comprises:

receiving from said first application a response denying,
said request.

18. The computer system of claim 15 wherein said step d)
of said method further comprises:

returning an error message to said second application
when said serial port 1s not yielded to said second
application.
19. The computer system of claam 15 wherein said
method further comprises:

providing notice to said first application that said second
application 1s finished using said serial port, said notice
indicating said serial port 1s available.

20. The computer system of claim 15 wherein said step ¢)
of said method further comprises:

c3) closing said serial port for said first application; and

c4) conducting procedures for shutting down said first
application.

21. The computer system of claim 15 wherein a response
oranting said request 1s a Boolean true, and wherein a
response denying said request 1s a Boolean false.
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